Introduction
The proteins listed in the title belong to the group of growth and cell metabolism modulators. They are regulated by complexes of factors that act in systemic and local systems that differ in the pre-and postnatal periods. Growth processes are relatively well recognised in the postnatal phase, where the key endocrine factor controlling growth is the growth hormone 1/insulinlike growth factor 1 (GH1/IGF-1) axis [1] . Considerably less is known about the mechanisms controlling growth in foetal life in which IGF-1 does not work in conjunction with GH1 [2, 3] .
The placental growth hormone is a product of the GH-V gene; it is a member of a family of five growth hormone genes located on the long arm of chromosome 17. This hormone has been known since 1985, when it was discovered by Hennen et al. [4, 5] . It shows a high level of homology to the pituitary growth hormone, being different in terms of 13 amino acids and N-glycosylation sites. This protein is synthesised and secreted by a syncytiotrophoblast and extravillous cytotrophoblast [2, 6, 7] . In their detailed review, Fuglsang and Ovesen [2] show that PGH seems to be only a maternal phenomenon. There are some publications describing the presence of this protein both in umbilical cord blood serum and amniotic fluid [8] [9] [10] .
The aim of this study is an assessment of the concentrations of the studied proteins in umbilical cord blood serum and amniotic fluid. In addition, the authors have tried to determine if there is any relationship between the results obtained with neonate body mass and placenta mass, and the search for factors which would allow a child's development to be predicted.
Material and methods
Investigations were performed on umbilical cord blood and amniotic fluid samples. A total of 92 umbilical cord blood samples originating from one triplet pregnancy, 12 twin pregnancies and 79 singleton pregnancies were collected. The majority of the pregnancies were normal, eight pregnant women had type I diabetes (six type G1, one G2, and one type C). Among the 92 neonates, 52 boys and 40 girls were born. There were 35 infants born prematurely between weeks 22 and 37 of pregnancy, and 57 full-term neonates, born between weeks 37 and 42.
Among the neonates, 33 weighed more than 4,000 g and 38 less than 2,500 g.
All the neonates were examined by a neonatologist and weighed after birth; placenta mass was also measured. In four of the twin pregnancies, the placentas were common.
In neonate blood and amniotic fluid samples, the following hormones were assayed: pituitary growth hormone (GH1), placental growth hormone (PGH), insulin-like growth factor 1 (IGF-1) and acylated ghrelin.
Most of the amniotic fluids originated from amniocentesis: four fluids from weeks 14 and 15 of pregnancy, four fluids from week 17, two fluids from weeks 19 and 22, and two fluids collected during birth. A total of 12 amniotic fluids were collected from healthy pregnant women. All the investigated proteins were assayed using the ELISA method. GH1 and IGF-1 were assayed with R&D Systems ELISA Kits (R&D Systems, Minneapolis, MN, USA), PGH protein with a Uscn life Science ELISA Kit (Uscn life Science, Wuhan, China) and ghrelin was assayed with a BioVendor ELISA Kit (BioVendor, Modrice, Czech Republic), all according to the manufacturers' protocols. Briefly, the samples and standards were added as duplicates to micro-titration plates coated with antibodies against the studied substance. After incubation and washing, a secondary antibody was added, and the sample was incubated again. After subsequent washing, a colour reaction substrate, catalysed by a conjugated enzyme, was added. The reaction was stopped with 2M sulphuric acid. The plates were read in an MRX reader (Dynex, Chantilly, VA, USA). For statistical analysis, SigmaStat 3.5 software was used. The normality of the distribution of the variables was analysed with the Shapiro-Wilk method. For a comparison of the non-parametrical distributed variables, the Mann-Whitney Rank Sum Test was used; p < 0.05 was considered statistically significant.
Results
As per the results presented in Table I , the median value for all the investigated factors was higher in full-term neonates than in prematurely born infants, except for PGH concentration, whose value was higher in prematurely born infants. Statistically significant differences between the two groups were shown only for neonate body mass and placenta mass. Concentrations of the investigated hormones did not show statistically significant differences. The highest mean values in full-term and prematurely born neonates were observed in IGF-1 concentrations (87.5 ng/mL, 57.8 ng/mL) and in pituitary growth hormone concentrations (3,176.2 pg/mL, 2,886.5 pg/mL).
During the analysis of particular cases, special attention was paid to the distinct tendency of PGH concentration to increase in small neonates compared to larger ones.
A similar situation was observed in the case of ghrelin concentrations. In some premature infants, ghrelin concentrations were higher than 100 pg/mL, while in full-term neonates they were around 50 pg/mL. However, in both cases, no statistically significant differences were observed. Besides, in five neonates (three prematurely born, two full-term infants), exceptionally low IGF-1 values, lower than 10 ng/mL, were observed, and this is within the error limits.
Additionally, large (> 4,000 g) and small (< 2,500 g) neonates were compared. The results are presented in Table II .
As per the results from Table II , statistically significant differences were shown for neonate body mass
PRACE ORYGINALNE
and placenta mass. Higher IGF-1 concentrations in the blood serum of large neonates compared to small neonates was statistically significant. Moreover, as in Table I , higher PGH concentrations were recorded in small neonates than in large neonates.
The growth hormone concentration ratio was also evaluated: GH1/PGH, GH1/IGF-1, GH1/ghrelin, PGH/ IGF-1, PGH/ghrelin in the blood serum of full-term and prematurely born infants (Table III) . In this table, the median of GH1 concentration in umbilical cord blood serum of full-term neonates was nine times higher than PGH, and six times higher than in prematurely born infants. The ratio of GH1 and IGF-1 concentrations in both investigated groups of neonates was similar and the IGF-1 concentration was about 25 times higher than GH1. The median IGF-1 concentration was 252 times higher than PGH in full-term neonates and 133 times higher in prematurely born infants. As for concentration ratio, there were no statistically significant differences between full-term and prematurely born neonates.
Similar to the results from Table 2 , a significant correlation in both investigated groups occurred between neonate body mass and placenta mass, and between GH1 and PGH in cord blood serum. Only full-term neonate body mass correlated with IGF-1 (Table IV) .
Pituitary growth hormone concentration was the highest in second trimester amniotic fluid. PGH concentration was 50% lower, and the lowest concentrations were those of IGF-1 and ghrelin, and these were within error limits (Table V) . In the amniotic fluid collected during the delivery, both growth hormone concentrations were several times lower than those for the second trimester of pregnancy.
Discussion
Our research showed that statistically significant differences in full-term and prematurely born neonates occurred only for neonate body mass and placenta mass. Median hormone concentration values for GH1, IGF-1, and ghrelin did not show statistically significant differences, and these were higher in full-term neonates and in the group of large infants (> 4,000 g). This situation was different for PGH concentrations. The median value of this hormone concentration was higher in prematurely born and small neonates (< 2,500 g), but the differences were not statistically significant (Table  I and II). In the comparison of large and small infants (Table II) , statistically significant differences also occurred in IGF-1 concentration. The median value of this hormone concentration was higher in large neonates. The placental growth hormone is synthesised by syncytiotrophoblast and secreted into the intervillous space. The presence of this hormone in the syncytiotrophoblast was confirmed with immunohistochemical methods [6] . Besides, with molecular methods GH-V gene expression was shown in the placenta, and no expression of the GH-N gene, responsible for GH1 production, was demonstrated [7, 11, 12] . Moreover, the presence of PGH receptors was detected in the placenta, and this suggests a direct influence of PGH on placenta function through auto-and paracrine mechanisms, 
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which control the secretionary and proliferative activity of the placenta [13] [14] [15] . Higher PGH concentrations observed in prematurely born and small foetuses may indicate compensation mechanisms, in which elevated PGH secretion stimulates IGF-1 synthesis in placental tissue, which accelerates the proliferation and growth of placental tissue [6] . It seems that the foetal pituitary gland does not play an important role in those compensation processes. No GH-V gene expression was noted in the pituitary gland, and no GH-N gene transcript was detected in the placenta [2, 7, 11, 16, 17] . Furthermore, the median value of GH1 concentrations was similar in large and small neonates and also in full-term and prematurely born infants (Table I and II) . By comparing concentrations of the particular proteins, we showed that IGF-1 concentration values in full-term neonates is 252 times higher compared to PGH, and in prematurely born infants only 133 times higher (Table III) . The IGF-1 to GH1 ratio of hormone concentrations was about 25 times higher and did not show higher differences in full-term and prematurely born neonates. These results enable us to suggest that PGH is an important modulator that maintains proper IGF-1 concentrations, and its secretion is not pulse. Chellakooty et al. [18] performed several examinations during pregnancy and showed a positive correlation between PGH concentration and foetal growth, as assessed by ultrasonography (USG). Our studies based on multivariate analysis indicate a positive correlation between neonate body mass and placenta mass in both investigated groups and also a correlation between full-term neonate body mass and IGF-1 concentration. In prematurely born infants, the correlation between PGH and IGF-1 concentrations was negative (Table IV) . The results presented here and our suggestions require further investigations on a larger study group.
In terms of ghrelin concentrations, we have not shown statistically significant differences between full-term and prematurely born neonates, though in individual cases ghrelin concentrations were considerably higher in small neonates. Some authors have observed significantly higher concentration values for ghrelin in small neonates, but most researchers have not found any statistically significant differences [19] [20] [21] [22] . Our previous research on human foetuses demonstrated that stimulation of GH1 secretion by ghrelin is independent of the feedback control and these two hormones act as a metabolic balance signal [3, 23] . In adults, the hypothalamic pituitary axis regulates pulse secretion of GH1 from the pituitary gland, but in foetuses is not functionally mature before the third trimester of pregnancy, independent of earlier anatomical differentiation [3] .
The very high concentration of PGH in amniotic fluid, about tenfold higher than in umbilical cord blood, is surprising. Perhaps PGH undergoes partial degradation in umbilical cord blood caused by the different time of delivery and there could be a problem with the collection of purified serum connected with this delivery. On the other hand, when comparing our results to the results of other researchers, the PGH concentrations in umbilical cord blood and amniotic fluid obtained by us are over three times higher. Sifakis et al. [10] observed high PGH concentrations in amniotic fluid in Down's syndrome pregnancies.
There is still no answer to the question as to how PGH, which is secreted by the syncytiotrophoblast, penetrates into the foetal circulation and amniotic fluid. A question arises as to whether the synthesis of this hormone also takes place in foetal cells. Finally, the recognition of the role of PGH in a foetal organism requires further thorough studies on a larger scale.
Conclusion
Our research indicates both an important role for PGH in maintaining the proper IGF-1 pool, and a direct influence on placenta functions through the activation of compensation mechanisms, which stimulate IGF-1 synthesis. The role of PGH in postnatal life, and its concentrations, particularly in the first months of life, is yet to be clarified. In the mother's organism this hormone undergoes a complete degradation after birth, and its fate in neonate blood is unknown. The trace concentration of IGF-1 in umbilical cord blood serum of five neonates, of whom three weighed less than 2,000 g, is also unclear. Molecular studies in this area will be conducted in the future.
